This paper contributes the analysis of the persistence of innovation activities, as measured by total factor productivity (TFP) and explores its internal and external determinants stressing its path dependent characteristics. The external conditions, namely the quality of local knowledge pools and the strength of the Schumpeterian rivalry, together with the internal conditions, that is the actual levels of dynamic capabilities, as proxied by the levels of wages and the size of firms, exert a specific and localized effect upon the persistent introduction of innovations. A Multiple Transition Probability Matrixes (MTPMs) approach has been implemented to grasp the contingent effects of external effects on the long-term innovation persistence. The empirical analysis of the dynamics of firm level TFP for a sample of about 7000 Italian manufacturing companies observed during the years1996-2005 is based on both the comparison of different transition probability matrixes and on dynamic discrete choice panel data models. The evidence provided by the test of MTPMs in sub-periods suggests that innovation persistence is path dependent, as opposed to past dependent.
1.INTRODUCTION
According to the conventional economic wisdom, innovation is an exogenous random shock that like manna falls from heaven. The economics of innovation impinges upon the view that innovation is the deliberate and intentional result of the capability of firms to generate new knowledge and to apply it to new products, new processes, new organizational methods, new combinations of inputs and new markets (Nelson and Winter, 1982; Dosi et al. 1988; Fagerberg et al., 2005) .
This approach leads to two quite distinct explanations of innovation persistence. The first, consistent with the resource based theory of the firm, elaborates view that innovation persistence is the result of given, intrinsic characteristics of the firm. Innovation capabilities are like time invariant endowments that display their effects. Innovation persistence is fully driven by the initial allocation of the innovation capabilities: firms are able to learn to learn (Penrose, 1959; Stiglitz, 1987; Pisano, 1994: Langlois and Foss, 1999) .
The second elaborates the view that innovation persistence is a path dependent process where the probability to introduce an innovation at time t is indeed influenced by the introduction of an innovation at time t-1. However, the transition probability might change along time because of the effects of contingent events and specifically by the changing levels of knowledge externalities. The generation of new knowledge and the introduction of innovations are the conditional result of a creative and localized reaction that takes place when firms face unexpected events in both factor and product markets. A number of contextual and ever changing conditions, however, are necessary to make the reaction actually creative so as to lead to the introduction of an innovation as opposed to adaptive. In the latter case the lack of the contextual characteristics would enable firms to change techniques, in a given technical space, but would not lead to the introduction of a productivity enhancing novelty (Schumpeter, 1947) .
In order to face un-expected events in both factor and product markets and the consequent out-of-equilibrium conditions events, firms try and mobilize the internal stocks of knowledge accumulated by means of learning processes. The chances that the reaction of the firm actually leads to the successful introduction of innovations, relies upon the access to the knowledge available in the surroundings. In other words, the reaction of firms to unexpected events becomes actually creative when both the competence accumulated by means of internal learning processes and a number of external conditions in terms of access conditions to the local pools of knowledge apply (Antonelli, 2008 and 2011). According to this view, location, spatial proximity, the actual conditions of knowledge governance and the knowledge communication channels that link firms might enhance the processes of knowledge generation, favoring interactions among agents with diverse knowledge bases. Indeed, firms cluster together mainly for these specific reasons Baptista and Swann, 1999) . Long-distance coordination among agents and knowledge interactions can also be realized through organized proximity (Rallet and Torre, 2005) . In this context, knowledge governance mechanisms and the characteristics of knowledge structure are particularly relevant (Quatraro, 2012) .
Moving from the seminal contribution by Griliches (1979) , a rich and detailed array of empirical studies confirm the pervasive role of technological spillovers in favoring the economic performances of clustered firms in terms of output, employment, labor productivity and total factor productivity. The following literature has interpreted these empirical findings as a reliable clue to assessing the positive effects of knowledge externalities upon the rate of introduction of technological changes by firms able to use external knowledge as an input in their own innovation process (Acs et al., 2002; Fritsch, 2002 and 2004; Fritsch and Franke, 2004) .
Building upon this literature we put forward the hypothesis that innovation persistence is path dependent, as opposed to past dependent, because it is the result not only of the internal characteristics of firms, as the resource theory of the firm claims, but also of the -changing-characteristics of the context into which firms are localized. Knowledge externalities are strictly necessary for the reaction of firms to become actually creative. At the same time knowledge externalities are indeed external to each firms, but clearly internal to the system. When and if the characteristics of the context change, the results of the innovative effort also change. Hence, innovation persistence cannot be longer regarded as the result of a given, intrinsic capability of the firm that qualifies its action like an endowment given once for ever, but rather as the conditional result of a systemic and interactive process that keeps changing along time .
Persistence is path dependent, as opposed to past dependent, as it is a dynamic process where hysteresis matters but is shaped by a number of complementary and contingent factors that shape locally the dynamics of the process.
The present paper builds upon the recognition that external technological knowledge represents an augmenting and facilitating factor in the introduction of technological innovations and makes a step further arguing that external knowledge is key factor in determining a path dependent innovation persistence characterized by contextual and conditional recursive feedbacks. The paper elaborates the hypothesis that the introduction of innovations is the persistent, emerging property of an economic system characterized by knowledge cumulability and complementarity both internal and external to firms. Indeed, the introduction of new technologies and new organizations methods affects the systems on two counts as it engenders further waves of unexpected events and Schumpeterian rivalry, and, at the same time, makes available new knowledge spillovers that add to the existing stock of external knowledge.
Knowledge cumulability consists in the inter-temporal, diachronic indivisibility of knowledge. As it is well-known the arrovian economics of knowledge assumes that knowledge is characterized by indivisibility and non-exhaustibility. Knowledge vintages add on and build up a stock of knowledge that does not wear out because of repeated use.
Indivisibility articulates in cumulability and complementarity among the different bits of knowledge. Next to the bits of knowledge, internally possessed by each agent, external bits of knowledge, possessed by other agents also play a central role. The generation of new knowledge is indeed possible only 'standing on the shoulders of giants', that is by means of access and use of the existing stock of knowledge. The existing stock of knowledge, however, is both internal to each firm and external, embedded in the other agents that belong to the same system (Colombelli and Von Tunzelmann, 2011) .
As Peter Swann has convincingly shown, the evolving structure of the system changes endogenously as a consequence of the changing modes of interaction among firms, their entry and exit, their growth. The introduction of innovations is itself a major factor of change of the architecture of the system. The external conditions into which firms are embedded are at the same time a consequence and a cause of the recursive feedbacks that support the persistence of innovation activities Beaudry and Swann, 2009 ).
Internal and external knowledge cumulability affects the dynamics of economic processes as the stock of knowledge that each firm can access and use internally and externally shapes the chances of generation of new knowledge. Such effects can change through time, as the rates of accumulation and the access conditions are not fixed. Inventions and scientific breakthrough can make some portions of the stock of knowledge obsolete. Changes in the structure of interactions and transactions can modify the access conditions to external knowledge. As such the effects of internal and external knowledge cumulability are typically path dependent, as opposed to past dependent. In the former case, the effects of hysteresis are qualified and shaped by the contingent changes that take place along the process. In the latter case, the process is shaped by the initial conditions only. The dynamics of the process is indeed influenced by a weak irreversibility that allows changes along the process to alter both the rate and the direction of the dynamics with typical path dependent effects (David, 1997 and .
With this approach in the background, the aim of this work is threefold. First, we contribute the literature on the persistence of innovation by providing an empirical analysis based on total factor productivity measures. Second, we qualify the characteristics of the persistence and explore its external determinants, by specifically looking at the role of regional context and the characteristics of the product markets in shaping this process. Third we discuss in detail the methodological and theoretical implications of the use of TPMs with reference to Markov chains theory.
The rest of the paper is structured as it follows. Section 2 reviews the literature on the matter. Section 3 outlines the hypotheses and the research design of this study. Section 4 presents the econometric evidence. The conclusions summarize the main results.
PRIOR RESEARCH ON INNOVATION PERSISTENCE
In the special issue of the International Journal of Industrial Organization dedicated to the economics of path dependence, Malerba, Orsenigo and Peretto (1997) pave the way to the analysis of the persistence of innovation activities now explored by a growing literature synthesized in Table 1. [ Table 1 about here] Earlier studies can be grouped into a subset of studies that build upon the analysis of large samples of patents and a subset of empirical studies that make use of data from innovation surveys. The persistence of innovation has been addressed by looking at various specific aspects, such as technological specialization (Malerba et al. 1997) , comparative studies of cross-country and cross-sector evolution (Cefis and Orsenigo 2001; Raymond et al., 2010; Clausen et al., 2011) , the empirical properties of the distribution of persistence (Cefis 2003) and the diverse typologies of innovative activities (Roper and Hewitt-Dundas, 2008; Peters, 2009; Martínez-Ros and Labeaga, 2009; Le Bas et al., 2011; .
Though emerging from different contexts, some convergent conclusions appear to have been reached by previous studies. In particular, both innovators and non-innovators showed a strong tendency to remain within their states. The evidence shows that the degree of persistence varies according to the innovation indicator adopted (Duguet and Monjon, 2004) . While the works that have used patents as indicator suggest that the persistence is weak and exhibits strong values only in the case of heavy patentees, empirical analyses based on survey data found stronger evidence of innovation persistence.
A number of factors have been associated with the presence of persistence in innovative activities. Among these the size of firms, profitability and the intensity of R&D activities emerged as crucial, confirming the hypothesis that the accumulation of knowledge over time tends to induce state dependence in innovative behavior and that the availability of internal funds enhance the possibility to continuously engage in innovation (Cefis and Ciccarelli, 2004; Latham and Le Bas, 2006; Peters, 2009 ).
The evidence suggesting that R&D based innovation activities tend to be associated with higher persistence appears to be of particular evidence as it helps explaining two important results emerging from previous literature. First, several contribution highlighted that innovation persistence is stronger in high-tech, science based industries where R&D activities are mainly concentrated (Raymond et al., 2010; Clausen et al., 2011) . Second, when different innovation output indicators have been considered, it turned out that product innovation, very often linked to R&D investments (Crespi and Pianta, 2007) , tends to be characterized by higher state dependence with respect to process innovation (Martínez-Ros and Labeaga, 2009; . In this respect the complementarities between different types of innovation activities emerged as crucial in shaping different patterns of persistence (Clausen et al., 2011 and , including the case of organizational innovation.
In the reviewed studies attention has been paid primarily to internal factors that qualify the persistence as the result of the characteristics of the firms, while the role of external knowledge and local context in shaping innovation persistence is almost neglected. In this respect our paper adds to previous literature as it provides a first attempt to take into account external factors in determining innovation persistence. Building on previous analyses that showed how successful innovative activity is more likely to happen within strong industrial regions (Baptista and Swann, 1999; Swann, Prevezer and Stout, 1998) , we claim that the access condition to the stock of knowledge of the other agents in the system are likely to play a major role in assessing innovation persistence. The persistence of innovation is then determined by the twin effects of knowledge cumulability internal to firms and external to firms but internal to their localized context of action. The access to the stock of knowledge external of each other firm and the actual amount of knowledge externalities that qualify the regional and industrial context of action of each firm are a necessary condition for the actual introduction of technological innovations. At the same time, however, knowledge externalities provided by the localized context of action, keep changing over time, albeit with a slow pace. The architecture of interactions and transactions that are the carriers of knowledge externalities change gradually over time as a result of the growth performances of firms, their entry, decline and exit and ultimately the introduction of innovations. Externalities and specifically knowledge externalities are indeed external to each firm, but internal and endogenous to each system .
Furthermore, as evidence on persistence has shown to be in part dependent on the specific innovation activity scrutinized, in order to provide additional empirical indication on innovation persistence we will use total factor productivity growth in order to obtain a general measure of the extent to which innovation is persistent at the firm level. The empirical tests will develop and elaborate the Transition Probability Matrix (TPM) methodology implemented by many authors such as Cefis and Orsenigo (2003) , Cefis (2005) , Peters (2009), David and Rullani (2008) and . In particular, we propose an approach that consists in observing different TPMs for specific sub-time periods, within a longer time interval. This type of analysis enables to identify the changes of the transition probabilities and to interpret them as clues of the effects of the small -external-events that affect the persistence.
HYPOTHESES AND RESEARCH DESIGN
The generation of technological knowledge is an activity characterized by significant indivisibility and learning. Knowledge indivisibility and learning to learn exerts strong cumulative effects. The generation of new knowledge and the introduction of innovations is the result of the creation, within corporations, of new functional routines and of research and development laboratories and of the structure of the communication networks that qualify the access to the external knowledge. The generation of new knowledge and the related introduction of innovation are shaped by the twin and joint effect of internal cumulative forces, and external positive feedbacks exerted by the system into which firms are embedded.
As a consequence we retain the hypothesis that innovation is a path dependent -as distinct from a past dependent -process determined by a number of internal and external factors. External factors are characterized by high levels of contingency, as such their changes affect the dynamics of the persistence. Following the resource based theory of the firms we suppose that the following factors matter:
A) The size of firms. The generation of technological knowledge is characterized by substantial sunk costs. Corporations that have innovated once are more likely to keep innovating simply because the incremental costs of the internal facilities designed to generate new technological knowledge and introduce innovations are low (Penrose, 1959; Arrow, 1974; Conner and Prahalad, 1996) .
B) The level of wages. The well-known dynamics of the Matthew effect is likely to apply not only to scientists but also to firms for at least two classes of reasons. First, it seems plausible that innovating firms are able to pay higher wages and hence to attract more creative and talented employees. Second, innovating firms are likely to interact with innovative suppliers and innovative customers and, hence, to feed more fertile and productive userproducers interactions. The repeated interaction between the accumulation of knowledge, the creation of routines to valorize and exploit it eventually leads to the creation of dynamic capabilities that favor the systematic reliance upon innovation as a competitive tool (Stiglitz, 1987; Teece and Pisano, 1994; Langlois and Foss, 1999) . C) Price-cost margins. The effects of price cost margins on the persistence of innovation are twofold. On the one hand large price-cost margins should provide access to internal funds and favor the innovative efforts of firms. Hence the effect should be positive. On the other hand, however, large price-cost margins are a clear indicator of barriers to entry and market power. Firms that enjoy market power have lower incentives to persist in funding innovation activities. Hence the effects should be negative, especially when the levels of price-cost margins are very high (Aghion et al., 2005; Antonelli and Scellato, 2011) .
D) The investment in intangible capital. The intangible assets intensity captures firms' effort for building innovative competences. R&D expenditures are the traditional indicator used to measure the amount of internal efforts to generate new technological knowledge. However, R&D statistics measure only a partial amount of the overall effort that firms make to introduce new technologies. Accountancy rules provide suitable evidence upon stocks of intangible capital that include capitalised research expenditures as well as purchasing costs for patents and licenses and the costs incurred to build and implement brand and know how (Teece, Pisano, Shuen, 1997) .
Next to the internal factors to which the literature on innovation persistence has paid much attention, we argue that external factors play a crucial role. External factors are also contingent as the structure of the system into which external knowledge and rivalry take place keep changing as a consequence of the introduction of innovations. At each point in time the networks of interactions and the types of transactions on factor and product markets change. Yet at each point in time the architecture of the system and the market forms exert a strong effect on the capability of firms to access and use external knowledge and to rely on it for the introduction of further innovations as a competitive tool. As we expect that innovation is a persistent process that takes place when knowledge externalities and external-local feedbacks play a positive role, we introduce, next to the internal factors considered so far, two external factors:
E) The access to the local pools of knowledge stocks generated by the spillover of the innovative activity of other firms co-localized in the proximity of each firm provides a key contribution to the persistence of innovative activities. Such effects are typically inter-industrial: knowledge generated in an industry may be useful in other activities (Jacobs, 1969) . Hence, we expect that the levels of total factor productivity of firms colocalized in the same region, irrespective of the industrial sector, favor the persistence of innovation. The higher the levels of total factor productivity of all the firms that are co-localized and the higher we expect to be the innovation persistence.
F) The levels of the innovative activity of firms within the same industry and hence active in the same product markets, measure the extent to which the typical Schumpeterian rivalry based upon the introduction of innovation is at work. The higher are the levels of total factor productivity of rival firms and the stronger is the competitive pressure. The Schumpeterian rivalry pushes firms to innovate in order to survive. Hence we expect that the higher is the efficiency of the rivals within the same industry and the larger is the likelihood that each firms relies upon the introduction of innovation as a competitive tool and hence the stronger is the persistence of innovation (Aghion et al., 2005) . These hypotheses are consistent with the model elaborated by Gruber (1992) about the role of sequential product innovations in maintaining the leadership in markets characterized by vertical differentiation.
External factors add to internal ones and shape the context into which the persistence of innovation takes place. The external conditions, namely the quality of local pools of knowledge stocks and the strength of the Schumpeterian rivalry, together with the internal conditions, that is the actual levels of dynamic capabilities, as proxied by the levels of wages and the size of firms, exert a specific and localized effect upon the persistent introduction of innovations. Because externalities are internal to the local system into which firms are embedded the changing conditions exert a path dependent effect upon the sequence of innovations.
In order to study the persistence of innovation we rely upon a classic indicator such as the total factor productivity. We assume in fact that innovation has much a broader scope than indicators such as the generation and introduction of science-based new technologies that patent statistics tend to emphasize, or the specific introduction of new products and processes, measured by innovation counts.
Innovation consists, more generally, in the systematic capability to generate new knowledge and to apply it to the broad array of activities that firms carry on. So far our notion of innovation is much broader and retains a strong Schumpeterian flavor as it includes the introduction of new products and new processes as well as the introduction of changes in the organization, in the mix of inputs and in the product and factor markets into which firms operate. Hence we assume that total factor productivity is better able to capture the general increase in the efficiency of the firm that is engendered by the command of technological, organizational and commercial knowledge.
Clearly our hypothesis here is that the probability to introduce an innovation at time t+1 is conditional both to the introduction of an innovation at time t and to the effects of contingent forces that exert their effect locally so as to affect the sequence of state dependency.
Our two hypotheses lead to a two-step research design that can be summarized as it follows. In a first step we focus the analysis upon the identification of the persistence of the innovative activity as measured by TPM (Transition Probability Matrix) computed using variations in the levels of total factor productivity. Within the period of time considered we explore the possibility that relevant external factors may affect the transition probabilities. We introduce here the Multiple Transition Probability Matrixes (MTPMs) approach that consists in the analysis of sub-periods TPMs in order to test whether transition probabilities change within the stretch of time considered. The MTPMs involves the computation of a single Markov chain for the full period of time and the comparison of its results with the computation of different Markov chains in relevant sub-periods, identified by significant contingent events that are expected to affect the transition probabilities between the innovative and non-innovative status of the analyzed companies. We suggest that this approach based upon the comparison of the parameters of the Markov chains in different sub-periods should allow a better identification of the path dependent character of the innovation process. In particular, the observation of different parameters for the Markov chains in different sub-periods might be an indication of the fact that the extent of innovation persistence is indeed affected by contingent events and, hence, innovation can be qualified as a path-dependent process.
In the second step we concentrate the analysis upon the determinants of innovation persistence as we want to qualify the type of persistence at work, as well as the role of non-observable heterogeneity. Our main argument here is that a number of contingent and localized conditions, both internal and external to each firm, exert a significant effect upon the persistence. The persistence of the innovative activity, hence, is path dependent and it is not past dependent. The letter takes place when the dynamics of the process, both in terms of rates and direction, is determined at the onset. Path dependence, instead, takes place when contingent factors that arise through time exert a clear and persistent effect on the direction and the rate of the process (David, 1997 and .
THE EMPIRICAL EVIDENCE

THE DATA
Our analysis is based on an original dataset containing accounting data for a sample of Italian manufacturing firms. The dataset includes financial accounting data for a large sample of manufacturing companies, observed along years 1996-2005. The data have been extracted from the AIDA database provided by Bureau Van Dick, which reports accounting information for public and private Italian firms with a turnover larger than 0.5 millions of Euros. The companies included in the analysis have been founded before year 1995, they are registered in a manufacturing sector according to the Italian ATECO classification, and they are still active by the end of year 2005. The introduction of the latter condition implies that we do not consider market exit/entry.
We have included all the companies with at least 15 employees at the end of fiscal year 1995. In order to drop outliers due to possible errors in the data source, we computed a set of financial ratios and yearly growth rates of employees, sales and fixed capital stock. The final panel is composed of 7020 companies. All financial data have been deflated according to a sectoral two-digit deflator using year 2000 basic prices. In annex 1 we report the sectoral composition of the dataset.
TOTAL FACTOR PRODUCTIVITY AS A MEASURE OF INNOVATIVITY
We investigate the persistence in innovation activity, as measured by firm level total factor productivity TFP. The rates of increase of TFP are good measures of the degree of innovativeness of the firms. This is especially true with respect to the Italian system where, although the levels of formalized R&D activities and patenting are low, much innovation is based upon informal research activities, tacit knowledge and learning. Hence, we assume that the bottom line increase of efficiency at the firm level is the ultimate indicator of the wide array of interrelated effects of the introduction of changes in products, processes, markets, organization and inputs.
In order to compute firm-level TFP we have firstly estimated a set of CobbDouglas production functions with constant returns to scale for each industry included in the sample, so to obtain the correct levels of output elasticity of labor and capital. After the assignment of each firm to an industry we have computed TFP for company i in year t according to the following expression:
Where:
:fixed capital stock. Fixed capital stock has been computed using a perpetual inventory technique according to which the first year accounting data, i.e. year 1996 in our case, are used as actual replacement values. The subsequent yearly values of fixed capital are computed using a depreciation parameter δ , assumed equal to 6.5%, and adding deflated yearly investments. The level of yearly depreciation of physical capital has been chosen following the approach applied in previous studies that have applied perpetual inventory techniques to estimate yearly fixed capital levels adopting depreciation parameters in the range 5%-10% for physical capital. On this issue see Olley and Pakes (1996) and Parisi et al. (2006) for the Italian economy. Since the adopted depreciation parameter is constant across industries we should not expected changes in the significance of estimate coefficients for slight changes in δ . The investment parameter ( , ,t i I ) has been computed as the yearly variation in net fixed capital in companies' balance sheets plus yearly amortizations. Hence, the time series of fixed capital is defined as follows: (2) In order to identify the parameter β at industry level to compute equation 2, we have estimated for each industry the following equation:
We have used a fixed effect estimator, where i α is a firm specific effect and t α is a time specific effect 1 .
The following Table 2 provides summary statistics about the variables that will be used in our analyses.
[INSERT 
THE RESERCH STRATEGY TO TEST PATH DEPENDENT INNOVATION PERSISTENCE
Consistently with the theoretical discussion, in our modeling framework we follow two complementary approaches. In the first part of the analysis, we investigate the presence of firm-level persistence by means of different transition probability matrixes (MTPMs). In the second part, we explore firm-level innovation persistence by means of discrete dynamic panel data models. Below we discuss the methodological details of such complementary approaches.
The analysis of Multiple Transition Probability Matrixes
Our analysis aims at identifying the path dependent property that characterizes the innovation process. Following an established literature we rely on transition matrices that have been frequently used to test the hypothesis that history matters in innovation processes (Peters, 2008) .
However, previous contributions relied on regular transition matrixes 2 ,
1 For a discussion of the properties of different estimation approaches see Blundell and Bond (2000) and Olley and Pakes (1996) .
which imply that the processes under analysis are ergodic. In contrast, in order to deal with the non ergodic character of innovation persistence we will refer to non-homogeneous Markov chains, that allow us to model time dependent transition probabilities. Below we try and clarify this point and we discuss how it affects our empirical approach.
The parameters of transition matrixes can be interpreted as the empirical estimation of an underlying Markov process. More specifically, Markov chains are dynamic stochastic processes characterized by the presence of discrete values of the states and, more importantly, by the fact that the conditional probability of a state at time t depends exclusively on the state at time t-1. This implies that the process has no memory and only the last state influences the subsequent state. Technically this amounts to the following definition of state probability along time:
Given the above property, all the statistical features of a stationary Markov process can be determined from the conditional densities between two subsequent periods t k and t k+1 .
A Markov process is homogeneous if the conditional density (what we estimate with the TPM) is time invariant while the first order density can vary in time.
If we observe a process that can be described by a TPM and such matrix is regular then in the context of Markov chains we are assuming an underlying stationary ergodic process. In fact, if the underlying process is non-ergodic, it cannot be properly captured by an homogeneous transition matrix.
Suppose that we observe a process in which each company can be at each time in one of just two alternative states: innovative and non innovative. We then compute -by pooling observations along time -the probability of being in state i at time t conditional on being in state j at time t-1, i.e. we compute a 2X2 TPM. According to the previous considerations the observation of such TPM cannot not directly provide evidence on the path dependent properties of the system based on our definition of path dependency.
The use of regular Markov chains allows us just to state that prior conditions affect future events. Hence, we can say that "history matters" because the innovative status at time t is not randomly distributed in the population of firms. However, in this setting all the past information is incorporated just in the state at time t-1. Moreover, the innovation persistence that stems from a time invariant conditional probability of states is intrinsically ergodic and it is fully consistent with the hypothesis that innovation persistence is the result of a special quality, a talent, embodied in the firm that qualifies it as a part of its intrinsic endowment. Such an innovation persistence is fully consistent with the resource based theory of the firm where learning internal processes display long-term and stable effects.
Results of previous contributions that have made an implicit use of homogeneous Markov chains (through the computation of a single period TPM) confirm that the innovation process is a persistent process characterized by a twin character: 1) the (non) introduction of an innovation at time t affects the probability of (non) introducing an innovation at time t+1; 2) yet the estimated structure of probabilities is time-invariant. According to our hypotheses the innovation process, instead, is characterized by path dependence. Path dependence takes place when contingent events bear a dynamic effect where the past affects the future with changing transition probabilities. Path dependent innovation persistence takes place when future events are affected by present ones with changing weights as the contingent events that take place at time t, do change the transition probability distribution, as well. This implies that what we observe by a single period TPM calculated over a sufficiently long time window is indeed the averaged result of different dynamics in sub-periods.
In the context of economic analysis we might stretch this consideration to state that for a given change in conditions of the system, external to each firm, but internal to the system in sub-period 1 (e.g. a contraction in credit supply, an increase in aggregated demand, the emergence of new technological opportunities, a change in the provision of knowledge externalities) the reaction of companies would be captured by the TPM in sub-period 1 and would also affect the TPMs in following sub-periods. A single period TPM could not grasp these changes. Our approach instead enables to identify and appreciate the differences between the results of subperiod Markov chains. The observation of different processes in properly defined sub-periods can be interpreted not just as the presence of "transitory" phases towards the long run stationary process, but as an evidence of path dependence.
The analysis of persistence through panel data
While the TPM approach is expected to provide only summary evidence on the path dependent persistence of firm level TFP levels along time, and a clue about the effects exerted by the changing characteristics of the system, the panel data analysis aims at identifying the impact of contingent factors on the persistence of innovation.
In order to analyze the persistence of innovation along time we have constructed a time varying dummy variable (INNO t ) that equals one if a company has experienced a positive TFP growth rate over a two year period, between year t-2 and year t. We then apply different dynamic discrete choice models in which such variable is regressed against its past realization and a set of appropriate controls. In particular, we test the relationship between the innovation dummy and both internal and external factors. The former group includes a variable of firm size measured as the log of firms' total asset (SIZE), an indicator of the level of human capital as captured by the average wage (WAGE), the price-cost-margin as indicator of firms' profitability (PCM) and an indicator of the incidence of intangible assets (INTANG) defined as the ratio of intangible to tangible assets in a specific year.
The second group of regressors accounts for changes along time in sectoral technological opportunities and for regional conditions. As previously highlighted, we claim that firms' capability to introduce technological innovations can be affected by the specific conditions of the local economic environment. For this reason, as controls for external conditions we include in the model specification a variable (REG_TFP) that for each company i equals the yearly average level of the TFP of all the other companies (included in our sample) and located in the same region of company i. This regressor is expected to capture general regional conditions potentially affecting productivity levels through time, such as the presence of knowledge intensive infrastructure, the local development of financial institutions or specific characteristics in the input markets.
Clearly, changes along time in firm-level TFP are likely to be affected also by non-geographically defined external factors. In order to account for sectoral dynamics of TFP we include in the model the variable SECT_FTP that for each company i equals the yearly average level of the TFP of all the other companies (included in our sample) belonging to the same 2-digit ATECO classification of company i. Since the innovation dummy variable is defined over a two-year period, we have inserted the above mentioned controls with a lag.
As previously highlighted, observed persistence may be due to true state dependence or permanent unobserved heterogeneity across the analysed companies. By a theoretical perspective, if the source of persistence is due to permanent unobserved heterogeneity, individuals show higher propensity to take a decision, but there is no effect of previous choices on current utility and past experience has no behavioural effect (Heckman, 1981) .
In our specific context, we can assume that expected drivers of true state persistence include the existence of dynamic increasing return to innovation effort, determined by the sunk R&D costs previously incurred by a company, and the internal cumulativity of the innovation process. On the other side, the source of unobserved serially correlated characteristics that make firms more or less likely to innovate relate to risk attitude of entrepreneurs and other idiosyncratic features. By controlling for a set of observable firm specific dimensions we expect to obtain a clearer view of the contribution of the different potential sources of the observed innovation persistence.
The baseline specification for a dynamic discrete response model is the following, where y it is our innovation indicator:
The estimation of the above model requires an important assumption on the initial observations y i0 and their relationship with u i , the unobserved individual effects. In fact, if the start of the analysed process does not coincide with the start of the available observations, y i0 cannot be treated as exogenous and its correlation with the error term would give raise to biased estimates of the autoregressive parameter g, which represents our measure of persistence. Two different approaches can be adopted for handling such initial condition problem: Heckman (1981) suggests to specifying the distribution of y i0 conditional on u i and x i ; alternatively, Wooldridge (2005) proposes to specify the distribution of u i conditional on y i0 and x i .
For sake of robustness in our analysis we have then applied both the methodologies.
The approach by Heckman (1981) adopts a linearized approximation of the reduced form equation for the initial value (t=0) of the latent variable as follows:
where z i0 is a vector of exogenous instruments and includes xi0. The underlying assumption of such specification is that η i is correlated with ui (see eq. 5) but uncorrelated with ε it for any t>0. Given a 0 > ϑ we can then write the following relation: (5) and (6) Given the specification of the initial observation (eq. 4), it is then possible to use the joint probability of the observed binary sequence (t=0,…t=T) with maximum likelihood for the estimation of the dynamic model. Stewart (2007) provides an application of this estimator 3 . In our case we have adopted as instruments in equation (6) firm-level pre-sample variables.
Concerning the Wooldridge modelling approach, we follow the methodology applied by Peters (2009) that offers a simplification of the Wooldridge method, by using the first realisation of the innovation indicators (y i0 ) and the time-averaged covariates as predictors of the individual effect, according to the following relationship:
Under the assumption that the error term c i is distributed as N(0,σ c 2 ) and that c i ⊥(y i0 , x i ) we obtain that:
Hence the dynamic probit model can be rewritten according to the following specification: (12) 3 The model has been estimated with the STATA routine redprob, developed by Stewart (2007) . For more details see http://www2.warwick.ac.uk/fac/soc/economics/staff/faculty/stewart/stata 
RESULTS
Evidence from the MTPM analyses
The following Table 3 provides the results for TPMs obtained on the full sample of companies observed in the all period (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) and in the two sub-periods before and after the year 2001. This year has been chosen as it identifies a major contingent event such as the turning point in the economic cycle into which firms are observed. Moreover it has the advantage to be in the middle of the panel so that we avoid problems of comparability related to strong differences in samples' dimension. Note that the balanced nature of our firm-level dataset avoids possible drawbacks of the TPM analysis.
For each element of transition probability matrixes we have also computed standard errors, adopting the following approach. Let P ij and ˆ P ij denote the population and sample probabilities of a transition of a company from the status i to the status j. This transition process can also be seen as the outcome of a binomial distribution. Hence, standard errors of the estimated transition probabilities can be calculated as a binomial standard deviation:
P ij * (1 − P ij ) /N where N equals the number of companies in status i. As N increases ˆ P ij tends to P ij . In the matrixes that will be presented in our analysis clearly the binomial process has just two possible outcomes. Hence the estimated standard error is the same for the elements of each row in the 2X2 matrix.
Our calculations show the presence of strong innovation persistence as both the main diagonal elements of the transition matrix referring to the whole period are greater than 0.5. However, persistence patterns are found to be different in the two sub-periods. Data show that in the second interval the percentage of persistent innovators increases from 45.53 to 66.95. The transition probability from a negative to a positive status rises as well (from 27.42 to 35.6). The analysis of the MTPMs unfolds interesting evidence. There is a remarkable difference among the results of the three TPMs. This difference confirms that contingent events modify the distribution of transition probabilities and yet each of them is statistically significant. This evidence is quite relevant from both a methodological and a historic viewpoint. From the methodological viewpoint the high levels of statistical significance of all the matrices confirm that the in the innovation process events at time t bear a strong effect on the events at time t+1. The introduction of an innovation at time t does affect the introduction of an innovation at time t+1. At the same time, however, the contingent effects that have been taking place along the period have significantly changed the 'weight' with which the (non) introduction of an innovation at time t has affected the (non) introduction of an innovation at time t+1.
From the historic viewpoint, this evidence can be easily framed in a Schumpeterian perspective. In the final part of the upturn phase of the economic cycle which started in Italy in the second half of 1990s, increasing demand allowed also non innovative and less efficient firms to survive in the market and the incentives to innovate tend to reduce; on the contrary after the turning point competitive pressure increases, profit margins are lower and the incentives to innovate tend to increase in order for firms to survive. In parallel, a more specific interpretation of the evidence can be linked to the diffusion of the ICTs and its economic consequences in Italy, where the rate of penetration of these technologies registered a lagged dynamics with respect to USA and other advanced EU countries. This triggered a process of restructuring of production in the early 2000s that might have affected the pace of innovation as measured by positive increments of TFP. Moreover, as evidenced in previous literature (Quatraro, 2009; , the transformation process related to the diffusion of ICT has been uneven in the Italian territory. For this reason we have split further the sample in 4 macro-regions so as to identify potential differences in the patterns of innovation persistence across regions and across time. Results indicate that the hierarchy in terms of percentage of persistent innovators is completely inverted in the two sub periods with the north-west part of Italy showing the greatest presence of persistent innovators after 2001 and the south part of Italy the lowest. This evidence suggests the presence of a divide. While in the north part of Italy and in particular in north-west the penetration of ICT activated a virtuous process of transformation of the economy that led the majority of firms to rely on the continuous introduction of innovation as a competitive strategy, in the south-part there is no evidence of change in the patterns of persistence as indicating that the transformation process occurred in other parts of Italy has been (at least) less relevant in this case. This result is important mainly for three reasons. First, it provides original evidence supporting the idea that in the period of observation an uneven process of transformation of the Italian economy has occurred. Second it gives support to the hypothesis that the local contexts can relevantly contribute to shape the patterns of innovation persistence. Third, the evidence suggests that the path and past dependent characters of innovation persistence can be of different relevance across time and location. In the examined case, in the North-western part of Italy, the path dependent character of innovation persistence appears to be dominant while the contrary is true in the Southern regions.
[ INSERT TABLE 3] The data seem to provide initial evidence of significant persistence in innovation, as captured by positive growth rates of TFP. However, we claim that it is important to stress how the above results, although suggesting the presence of some form of inter-temporal stability in innovation effort, do not provide, yet, a sound answer to two key question: how much of the observed persistence can be labeled as true persistence driven only by previous innovation? Moreover, when internal factors are included in the analysis to what extent the observed persistence is still influenced by external factors? In the next section we introduce an econometric analysis specifically devoted to assessing these two points.
Results from dynamic panel data analyses
In the following Table 4 we report our results for different specifications of the persistence model estimated with the Wooldridge dynamic probit approach. The results stress that, even after controlling for a number of internal and external factors, the probability of observing an innovation at time t is positively and significantly affected by the previous realization of the INNO variable.
[ INSERT TABLE 4] It is worth clarifying that the result of the econometric estimates tests the role of a number of controlling factors upon the chances of observing a positive growth rate of TFP, rather than upon the probability that innovators keep introducing innovations along time. In this sense, we obtain that the fact of being located in a region characterized by higher levels of TFP of surrounding firms is positively associated with the probability of introducing some form of innovation. In the following Table 4 we report the results obtained for the model specification based on the Heckman (1981) approach. Also in this case we find a positive and significant correlation along time in the realizations of the innovation variable. The significance of the other variables is most important as it confirms the path dependent character of the process. Among the internal factors the levels of human capital, as measured by average unit wage, significantly enhance the probability of subsequent innovation outcomes. The effects of size enters the model specification through two covariates (Table 4) : AVGSIZE and SIZE. The former is time-invariant. The latter is the yearly measure. Our results suggest that the AVGSIZE, i.e. the dimensional class to which each firms belongs has a negative effect. This result is perfectly aligned with the expectations based upon the Gibrat law. The results suggest, instead, that SIZE, i.e. the time varying dimension of the firm, has a positive effect. As expected, the intensity of intangible capital, which is a proxy for the investment along time in research and development and innovation activities, exerts a positive significant impact.
[ INSERT TABLE 5] In both models (Table 4 and Table 5 ) the local context exerts a strong and positive role upon the persistence of innovation as measured by the levels of TFP of firms co-localized in the proximity within the same region. As expected, the access to the local pools of knowledge and the pecuniary knowledge externalities generated by the regional agglomeration of innovative firms favor the persistence of innovative activities. The intensity of innovation of the firms active in the same industries also favors the persistence of innovation. The stronger is the typical Schumpeterian rivalry among firms that rely upon the introduction of innovations as a competitive tool and the stronger is the persistence of innovation.
Our results confirm the persistence of total factor productivity growth and suggest that such persistence is affected by contingent factors that are both internal and external to each firm. The results can be interpreted as a test of the claim that the persistence is path rather than past dependent. Contingent factors, such as human capital, market rivalry and geographic location would not be significant when the persistence is past dependent because the original conditions would play an exhaustive causal role.
CONCLUSIONS
Knowledge cumulability stemming from knowledge indivisibility and knowledge non-exhaustibility plays a central role in path dependent innovation persistence. The introduction of further innovations is easier for firms that can command a larger stock of internal knowledge and have access to larger pools of knowledge stocks of co-localized firms. Much attention has been given to the exploration of internal factors that are at the origin of innovation persistence. This paper provides empirical evidence upon the central role of external factors in determining the path dependent persistence of innovation activities, as measured by total factor productivity levels (TFP).
In particular, the paper makes three contributions to the economics of innovation persistence. First, it provides an interpretative framework based upon the economics of knowledge that privileges the role of knowledge externalities. Second it distinguishes between types of innovation persistence. Past dependent innovation persistence is the result of a given allocation of a specific innovative capability or talent that keeps exerting its effects along time with no changes. Past dependent innovation persistence is consistent with the predictions of the resource based theory of the firm. Path dependent innovation persistence, instead, is the result of systemic interaction. Firms caught in out-of-equilibrium conditions in factor and product markets try and react by means of the introduction of innovations. Their reaction is actually successful, so as to lead to the introduction of productivity enhancing innovations, only when a set of external conditions are met. Such conditions keep changing over time and affect the likelihood that the introduction of an innovation at time t affects the likelihood that an innovation at time t+1 is also introduced.
Third, the paper discusses the methodological implications of the use of a MTPM approach based on the analysis of sub-periods to assess innovation persistence, with specific reference to the Markov chains theory. In particular, we suggest that the comparison of the parameters of different Markov chains across a given stretch of time enables to assess empirically whether contingent events have exerted significant effects on persistency patterns. In this case path dependent innovation persistence applies because the relationship between past and future is altered by the events that take place at time t. Finally, building upon these results, we have investigated the firm-level innovation persistence patterns using dynamic panel methods. The econometric results confirm that the persistence of innovation is affected by contingent and localized events, among which the access conditions to the stock of knowledge of the co-localized agents play a central role. At each point in time the probability of introduction of further innovations is indeed affected by the sequence of innovations introduced in the past but it is also conditional to the actual levels of internal dynamic capabilities of each firm to accumulate and exploit technological knowledge and human capital, the amount of external knowledge that is available in the regional proximities, and the competitive pressure of innovative rivals active in the same product markets.
Innovation persistence exhibits the characters of path dependence because of the effects of contingent factors that emerge through the process and yet are able to alter its dynamics. Contingent and endogenous changes concern typically the provision and the access conditions to knowledge externalities that exhibit changing effects through time. Knowledge externalities are possible only if and when effective communication channels based upon networks of interactions and transactions are available. The architecture of such networks however changes over time because of the conduct of firms and the introduction of innovations. Externalities are external to each firm, but internal to the system.
In terms of policy implications, it seems important to stress that the localized path dependent character of innovation persistence calls for a systematic and systemic approach to technology policy. In the case of 'true' state dependence we would assume that once a firm has been induced to innovate the likelihood that it will keep innovating is enhanced. Hence policy interventions would be redundant. The identification of the central role of external factors in assessing the path dependence of innovation, on the opposite, confirms the need of a national innovation policy to reinforce the internal cumulability of technological knowledge within firms and stresses the scope of action of the design and implementation at the regional level of public interventions devoted to upgrade the architectures of the networks of interactions and transactions that can implement the localized provision of knowledge externalities. The implementation of a twin innovation policy articulated in a national level aimed at firms, especially in technologies where knowledge cumulability is high, and a regional level aimed at strengthening the provision of knowledge externalities is crucial in sustaining the continuous introduction of innovation at the system level. (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) Proportional hazard function Only a minority of firms (major innovators) is found to be persistently innovative. Cefis and Orsenigo (2001) Patent data on a sample of 1400 manufacturing firms (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) Robust standard errors in parentheses,*** p<0.01, ** p<0.05, * p<0.10 
TABLES
ANNEX B -Robustness control
In the following table we report the results for the dynamic probit model suing a alternative model specific with a three year lag for the computation of the dummy dependent variable. The main results presented in the paper with the two years time lag are confirmed. As expected, we estimate an overall lower level of persistence from the autoregressive covariate due to the fact that we using a longer time window. -19168.4 -19167.9 -18991.0 -18991.2 
